Hum Factors by Lu, Ming-Lun et al.
Efficacy of the Revised NIOSH Lifting Equation to Predict Risk of 
Low-Back Pain Associated With Manual Lifting: A One-Year 
Prospective Study
Ming-Lun Lu, Thomas R. Waters, Edward Krieg, and Dwight Werren
National Institute for Occupational Safety and Health, Cincinnati, Ohio, USA
Abstract
Objective—The objective was to evaluate the efficacy of the Revised National Institute for 
Occupational Safety and Health (NIOSH) lifting equation (RNLE) to predict risk of low-back pain 
(LBP).
Background—In 1993, NIOSH published the RNLE as a risk assessment method for LBP 
associated with manual lifting. To date, there has been little research evaluating the RNLE as a 
predictor of the risk of LBP using a prospective design.
Methods—A total of 78 healthy industrial workers' baseline LBP risk exposures and self-
reported LBP at one-year follow-up were investigated. The composite lifting index (CLI), the 
outcome measure of the RNLE for analyzing multiple lifting tasks, was used as the main risk 
predictor. The risk was estimated using the mean and maximum CLI variables at baseline and self-
reported LBP during the follow-up. Odds ratios (ORs) were calculated using a logistic regression 
analysis adjusted for covariates that included personal factors, physical activities outside of work, 
job factors, and work-related psychosocial characteristics.
Results—The one-year self-reported LBP incidence was 32.1%. After controlling for history of 
prior LBP, supervisory support, and job strain, the categorical mean and maximum CLI above 2 
had a significant relationship (OR = 5.1–6.5) with self-reported LBP, as compared with the CLI 
below or equal to 1. The correlation between the continuous CLI variables and LBP was unclear.
Conclusions—The CLI > 2 threshold may be useful for predicting self-reported LBP. Research 
with a larger sample size is needed to clarify the exposure–response relationship between the CLI 
and LBP.
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Low-back pain (LBP) has been identified as a major workplace health problem in numerous 
studies (Bernard, 1997; da Costa & Vieira, 2010; Ferguson & Marras, 1997; Hoogendoorn, 
van Poppel, Bongers, Koes, & Bouter, 2000; National Research Council, 2001). The total 
health care expenditures incurred by individuals with LBP in the United States have reached 
$90.7 billion (Luo, Pietrobon, Sun, Liu, & Hey, 2003). Recent data showed that workplace 
overexertion injuries, primarily linked to LBP, accounted for about 24% of the total workers' 
compensation costs and were estimated to be $12.7 billion in 2009 (Liberty Mutual 
Research Institute for Safety, 2009).
The risk factors for LBP are multifactorial, involving personal, physical job factors, and 
workplace psychosocial characteristics (Davis & Heaney, 2000). Few studies have 
employed a comprehensive approach to jointly investigate the effects of these risk factors 
(Bigos et al., 1986; Kerr et al., 2001; Marras, Lavender, et al., 1995; Marras, Lavender, 
Splittstoesser, & Gang, 2010; Norman et al., 1998). Moreover, prior research has attempted 
to study these risk factors through the use of a questionnaire (Marras, Lavender, Ferguson, 
Splittstoesser, & Yang, 2010) or a single job physical exposure variable such as trunk 
flexion, lifting, or heavy weight (Garg et al., 2013). A recent review (da Costa & Vieira, 
2010) of longitudinal studies focusing on musculoskeletal disorders including LBP from 
1997 to 2008 revealed that only one longitudinal study (Hoogendoorn, Bongers, et al., 2000) 
used video recording and force measurements (i.e., objective quantification methods) to 
quantify physical risk factors. In Hoogendoorn, Bongers, et al.'s (2000) study, however, 
quantifications of the physical risk exposure were still limited to single posture variables, 
such as trunk flexion or rotation. Many unclear findings about the effects of physical risk 
factors on LBP may be attributable to these gross physical risk factors measured by 
questionnaire or single physical risk exposure variables. Epidemiologic evidence regarding 
an exposure–response relationship between multiple risk factors and LBP may be better 
determined when physical risk factors are properly quantified by biomechanical analysis 
(Boda, Bhoyar, & Garg, 2010; Burdorf, 1992; National Research Council, 2001; Sutherland, 
Albert, Wrigley, & Callaghan, 2008).
In 1993, the National Institute for Occupational Safety and Health (NIOSH) published the 
Revised NIOSH Lifting Equation (RNLE) for evaluating the physical demands of two-
handed manual lifting tasks (Waters, Putz-Anderson, Garg, & Fine, 1993). The RNLE is a 
useful method for measuring the physical risk factors for LBP on the basis of research 
findings from bio-mechanics, psychophysics, and physiology (Waters et al., 1993). The 
RNLE consists of two equations, the recommended weight limit (RWL) and lifting index 
(LI), for evaluating a specified manual lifting task. The RWL is computed from a simple 
mathematical equation requiring measurement of variables that describe the task, such as 
hand location in relation to the body, frequency of lifting, work-rest duration pattern, and 
type of hand coupling (Waters et al., 1993). The LI provides an estimate of the relative 
physical demand for the task and is defined as the ratio of the actual weight of the load lifted 
divided by the RWL for the task. For multiple lifting tasks, a composite LI (CLI) is 
calculated using a lifting frequency-weighted method with all the tasks (Waters et al., 1993). 
An LI or CLI ≤ 1 is the recommended value for safe lifting without an increased risk of 
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LBP. An LI or CLI > 1 has been shown to be associated with LBP in previous studies 
(Lavender, Oleske, Nicholson, Andersson, & Hahn, 1999; Wang et al., 1998; Waters et al., 
1999; Waters, Lu, Piacitelli, Werren, & Deddens, 2011). These studies, however, were 
cross-sectional in design and thus could not demonstrate a temporal relationship between the 
CLI and LBP.
To demonstrate a potentially causal relationship between risk factors and work-related LBP, 
prospective studies are needed (National Research Council, 2001). In response to the 
recommendation by the National Research Council (2001), two recent prospective studies 
were conducted in an effort to evaluate the CLI (a quantitative physical risk measure) in 
association with LBP (Garg et al., 2013; Pinder, Frost, & Hill, 2011). The two studies, 
however, showed mixed results. A significant exposure–response relationship between the 
CLI and LBP was found in Garg et al.'s (2013) study, whereas no significant relationship 
was found in Pinder et al.'s (2011) study. To our knowledge, there is no other published 
prospective study investigating the relationship between RNLE and LBP.
The purpose of this current study was to add scientific evidence about the relationship 
between the RNLE and LBP. A prospective design was used for evaluating this relationship, 
while controlling for personal factors, physical activities outside of work, job factors, and 
work-related psychosocial characteristics. The exposure–response relationship between 
baseline CLI and self-reported LBP at one-year follow-up was assessed.
Method
Job Description
Manual materials handling (MMH) jobs at a large dryer manufacturing company in the 
Midwestern United States were evaluated for inclusion in this study. The investigators were 
blinded to LBP or injury rates for all jobs. The following criteria were used to select jobs: 
(a) jobs in which manual lifting was performed as a regular daily task activity, with at least 
25 lifts per day; (b) jobs with little or no unpredictable variations in task characteristics; (c) 
jobs that met the requirements for the application of the RNLE; and (d) jobs that did not 
involve a significant exposure to whole-body vibration.
The selected jobs involved lifting a number of dryer parts (panels, motors, drums, 
bulkheads, cabinets, etc.) ranging from 3.2 to 10 kg each in weight. Lifting jobs were 
selected in build areas for manufacturing parts, transfer areas for moving unfinished parts 
from one operation to another, and installation areas for assembling finished parts. The jobs 
involved 3 to 10 rotations with a fixed rotation pattern. The job rotations varied between 15 
and 30 min. Two 15-min breaks and one 30-min lunch break were provided during each 
shift. All the jobs were repetitive with a cycle time of 10 to 50 s. Not all work rotations were 
lifting tasks. Some were light-duty assembly tasks in either a standing or sitting position.
Subject Recruitment and Study Design
Workers assigned to the selected jobs were asked to participate in the study. During work 
time, workers were invited to a training room at the plant and were informed by a research 
team of potential risks and benefits before signing a consent form approved by the NIOSH 
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Human Subjects Review Board. Participants were weighed and measured for height and 
filled out a self-administered standardized questionnaire (Hurrell & McLaney, 1988). The 
questionnaire was used for obtaining information on their personal factors, physical 
activities outside of work, job factors, and work-related psychosocial characteristics. 
Another research team was assigned to collect physical risk data for subjects' lifting tasks.
To maintain a comparison consistency with two previous studies on RNLE (Waters et al., 
1999; Waters, Lu, et al., 2011) and to ensure a cohort of steady risk exposure, we used the 
following subject inclusion criteria in this paper: (a) full-time employees at least for one 
year at the time of the subject recruitment, (b) no reported LBP in the preceding year at the 
time of subject recruitment, (c) no job changes during the one-year follow-up period, and (d) 
no accidental LBP during the study period.
The study was designed to follow subjects for 2 years. A high subject attrition rate (57%) 
after 2 years of follow-up kept us from performing a meaningful statistical analysis using the 
second follow-up's data. The current paper focuses on the data available for a one-year 
follow-up. Among the eligible workers on the selected jobs, 197 and 20 participated in the 
study in 2002 and 2003, respectively.
Evaluation of Personal Physical Activities Outside of Work and Job Factors
Personal information collected by questionnaire included subjects' gender, education level, 
age, length of employment, smoking status, alcohol consumption, and self-rated health 
status. Physical activities outside of work were evaluated by four variables derived from two 
dichotomous (yes/no) questions (“Do you work at a second job for a different employer?” 
and “Are there sports and hobbies that you do every week?”) and two gross quantitative 
questions about frequency levels (<5, 5–9, 10–19, ≥20 hr/week) of manual work (“How 
many hours on average do you spend on activities in which you bend forward or twist your 
back?” and “How many hours on average do you spend on activities in which you lift, push, 
pull or carry moderate to heavy weights?”). Job factors in the questionnaire included job 
tenure, work shift, work hours per day, work days per week, overtime per week, overtime in 
the previous year, perceived hand and arm activity level (0–10 scale, 10 as the most rapid), 
and overall physical efforts (0–10, 10 as the maximal) for their work.
Characterization of Work-Related Psychosocial Factors
Work-related psychosocial factors in the questionnaire were selected primarily from the 
NIOSH Generic Job Stress Questionnaire (GJSQ; Hurrell & McLaney, 1988) and the Job 
Content Questionnaire (JCQ; Karasek et al., 1998). The scale measures used in this study 
included work-related psychological job demands (five items), job control or decision 
latitude (nine items), supervisor support (three items), and coworker support (three items). 
These psychosocial factors were the same as those in the GJSQ and JCQ and scored on a 4-
point Likert-type scale of strongly disagree, disagree, agree, and strongly agree. Job strain, 
a derived variable, was evaluated using the job demands and control variables. The quotient 
and quadrant methods were used to determine job strain (Landsbergis, Schnall, Warren, 
Pickering, & Schwartz, 1994). The quotient method used the ratio of psychological demands 
to job control as job strain, whereas the quadrant method grouped the job strain into four 
Lu et al. Page 4













exposure levels based on the high/low level of job control (decision latitude) and 
psychological job demands, dichotomized by their corresponding median values of the 
subjects' scores (Landsbergis et al., 1994). To determine the coworker social support and 
supervisory social support variables, the sum of the scores for three JCQ items (concern, pay 
attention, and helpfulness answered on the earlier-mentioned 4-point Likert-type scale) for 
each variable was calculated, then dichotomized by the median value of all subjects' data to 
form two high/low exposure groups. Finally, job security and job satisfaction were evaluated 
by a single item with a 4-point Likert-type scale of strongly disagree, disagree, agree, and 
strongly agree (Karasek et al., 1998). The response to each question was then dichotomized 
as high (grouping agree and strongly agree responses) or low exposure (grouping strongly 
disagree and disagree responses).
Evaluation of LBP
The status of LBP was evaluated by questions from the standardized Nordic 
Musculoskeletal Questionnaire, including a reference diagram of the low-back (Dickinson et 
al., 1992; Guo et al., 1995; Kuorinka et al., 1987). A dichotomous response (yes/no) to the 
question “In the past 12 months, have you had low-back pain every day for a week (7 days) 
or more?” was used as the LBP case definition in the current study. Two separate yes/no 
questions about history of prior self-reported LBP (every day for a week or more) and 
accidental LBP pain (accident or sudden injury to the back) were also evaluated in the study. 
These back health questions were identical to those used in the 1988 Health Interview 
Survey and previous NIOSH studies (Ezzati, Massey, Waksberg, Chu, & Maurer, 1992; 
Waters, Dick, Davis-Barkley, & Krieg, 2007; Waters, Dick, & Krieg, 2011).
Description of the Human Posture Simulation for Calculating the CLI and Lifting Variables
The physical risk factors for LBP in this study were assessed by the human posture 
simulation method (Lu, Waters, & Werren, 2012; Lu, Waters, Werren, & Piacitelli, 2010; 
Waters, Lu, Werren, & Piacitelli, 2010). The method involved measuring the weight of the 
load for each lifting task and a video analysis of estimating the whole-body posture for the 
task (Lu et al., 2010; Lu et al., 2012; Waters et al., 2010). The weight of the load for each lift 
was measured by the researchers using a scale or a dynamometer at the site. Video recording 
of work posture was collected at approximately 90° from each subject's sagittal plane to 
minimize posture simulation errors (Lu et al., 2010; Lu et al., 2012). Each video recording 
lasted for 10 to 20 min for each job rotation to ensure that at least three samples of each 
lifting task were recorded.
Custom computer software was developed to process simulated posture data for determining 
the RNLE task variables including horizontal distance, vertical travel distance, asymmetry 
angle at both origin and destination of the lift, and lifting frequency. Other RNLE task 
variables (hand coupling, significant control for each task, and work-rest pattern for the 
entire workday) were manually entered into the custom software program. The program 
subsequently used all the data to calculate the CLI. A detailed description of the CLI 
calculation method has been previously provided (Lu et al., 2010; Lu et al., 2012; Waters et 
al., 2010).
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The arithmetic mean and maximum of the CLI values, lifting frequency rates, and loads 
across all job rotations that required manual lifting were calculated as the final physical risk 
exposure variables. In addition, the total lift time (sum of the periods of all the lifts) and 
number of lifts over the 8-hr work shift were included as additional lifting variables.
Statistical Analysis
It was not feasible to completely collect physical risk exposure data for every subject for 
every lifting task. For subjects with missing data, the mean of the exposure data from other 
subjects in the identical job were imputed. Descriptive statistics were performed for the 
frequency response of LBP at the one-year follow-up visit for the covariates at baseline 
(Table 1), as well as the mean and standard deviation of the lifting variables at baseline and 
their correlation with the development of LBP during the one-year follow-up period (Table 
2). Since the study cohort consisted of subjects' data from two different years, the 
recruitment/baseline year was examined as a potential covariate. Logistic regression analysis 
was used to examine the association between each covariate at baseline and LBP (yes/no) at 
the one-year follow-up. A separate model was used for each covariate. In the logistic 
regression analysis, an odds ratio (OR) was calculated as the risk estimate for the categorical 
covariates using the lowest level of exposure as the reference, and for the categorical CLI 
variables (0 < CLI ≤ 1, 1 < CLI ≤ 2, 2 < CLI ≤ 3, and CLI > 3) using the recommended CLI 
value ≤ 1.0 as the reference (Waters et al., 1993). In addition, some continuous covariates 
(age, length of employment, body mass index [BMI], hands/arms activity, overall physical 
efforts, and job strain ratio) were used in the logistic regression analysis.
To form the final multivariable logistic regression model, we used two selection criteria for 
the covariates: (a) an association with LBP (p < .3) found in the univariate logistic 
regression analysis or (b) a greater than 10% change in the OR of the mean CLI variable 
calculated from the logistic regression coefficient when the covariate was added to the 
model (Harris-Adamson et al., 2013). Selected covariates and each CLI variable (continuous 
or categorical) were used in the final regression models. All the statistical work was 
performed with SAS (Version 9.0, SAS Institute Inc., Cary, NC).
Results
Figure 1 shows the results of the subject recruitments in two separate years and the subject 
exclusion criteria for an incidence analysis at one-year follow-up. In all, 30 subjects who 
were unavailable for participation or refused to participate in the study in 2002 were reap-
proached for study participation in 2003. The overall participation rate for both years was 
95.6%. Of 217 participating subjects, 109 met the subject inclusion criteria for the incidence 
analysis; 30 dropped out of the study, resulting in a dropout rate of 27.5%. One subject had 
missing job exposure data that could not be imputed. The final sample size for the incidence 
analysis was 78.
The one-year incidence rate of self-reported LBP in the study cohort was 32.1%. Results of 
the univariate analysis for the potential covariates in relation to self-reported LBP are 
summarized in Table 1. Of the subjects, 74% were male. All were Caucasian except 1 
Hispanic subject, with a mean age of 39.5 and a standard deviation of 11.2. The means of 
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the scores for decision latitude and psychological demands were 22.95 (SD = 2.89) and 
14.68 (SD = 1.65), respectively. The resulting job strain ratio was 0.75 (SD = 0.24). This 
continuous job strain ratio was not significantly associated with LBP (OR = 1.0, p = .9). In 
addition, none of the potentially confounding variables in Table 1 were significantly 
associated with LBP (p < .05). History of prior LBP and supervisory support were 
marginally associated with LBP (p = .051 and .25, respectively).
The mean and standard deviation of the number of lifts analyzed in the video recording for 
each subject were 33 and 24, respectively. Table 2 shows the characteristics of the lifting 
variables at baseline between the non-LBP and LBP groups and their correlation with LBP 
during the one-year follow-up period. Of the data in Table 2, 36% were imputed. The 
subjects in the LBP group had nonsignificantly (p > .05) larger magnitudes of exposure to 
the lifting variables than the non-LBP group except the maximal load variable.
In addition to history of prior LBP and supervisory support, which both met the first 
covariate selection criterion for the final multivariate analysis model, job strain met the 
second selection criterion. These covariates were selected to the final logistic regression 
model. Results from the logistic regression analyses for the mean and maximum CLI 
variables are presented in Tables 3 and 4, respectively. There was a borderline significant 
relationship (p = .08) between the continuous mean CLI in the multivariate model. No clear 
relationship was found for the continuous maximum CLI in both univariate and multivariate 
models. Due to the small sample sizes for the categorical mean CLI > 3 (n = 4) and 2 < 
maximum CLI ≤ 3 (n = 7) variables, data for these two CLI categories were pooled for OR 
calculations using CLI ≤ 1 as the reference. Results showed that both categorical mean and 
maximum CLI > 2 had a significant OR for LBP in the multivariate model (p < .05). Their 
OR and confidence interval (CI) were 5.1 (CI = 1.1–24.5) and 6.5 (CI = 1.4–29.7), 
respectively. Both categorical mean and maximum between 1 and 2 did not have a 
significant OR for LBP.
Discussion
The present study is one of the first studies using a prospective design to show a temporal 
relationship between the CLI and self-reported LBP. Although findings from this study did 
not provide clear evidence that the continuous CLI variables had a statistically significant 
exposure–response relationship with LBP across all exposure categories, the trend in this 
relationship was positive. The CLI > 2 category was significantly associated with LBP in the 
current study, which agreed with the two previous cross-sectional studies (Waters et al., 
1999; Waters, Lu, et al., 2011). It should be noted that the present study did not have a 
nonexposure group (i.e., no exposure to manual lifting, which was the reference group for 
the previous studies). If a nonexposure group had been used as the reference group in the 
present study, the risk estimates likely would have been greater.
It is worth mentioning that the maximum CLI > 2 category seemed to be a stronger predictor 
than the mean CLI > 2 category in the present study (Tables 3 and 4). This finding agrees 
with the suggestion in Garg et al.'s (2013) prospective RNLE study that the peak job 
physical demands are better predictors of LBP than average job demands. An exposure–
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response relationship between the maximum CLI and self-reported LBP was found in Garg 
et al.'s study, whereas this relationship was unclear in the present study. The small sample 
size (N = 78) for the present study is probably the main factor for this unclear relationship. 
However, different results in Garg et al.'s and the present studies are also likely to be 
attributable to the different methodologies. In Garg et al.'s study, the LBP case was defined 
as any self-reported LBP intensity lasting 1 day or longer, whereas the LBP case in the 
present study was determined by self-reported LBP lasting 1 week or longer. In addition, the 
subject inclusion criterion (at least 3 months free of LBP vs. at least 1 year free of LBP at 
baseline) and the risk modeling methods (hazard ratio vs. OR) were different between the 
studies. Despite the different research methodologies, both studies suggest that the RNLE 
may be a useful tool for assessing the risk of LBP (Garg et al., 2013).
The one-year LBP incidence (32.1%) found in this study is similar to the one-year 
prevalence (32%) reported in our previous cross-sectional study (Waters, Lu, et al., 2011), 
but higher than 26.1% reported for manufacturing jobs in a previous study (Xiao, Dempsey, 
Lei, Ma, & Liang, 2004) and the 17.6% reported in the 1988 Health Interview Survey 
(Behrens, Seligman, Cameron, Mathias, & Fine, 1994) using the same survey question 
asking for LBP lasting a week or more in the preceding year (Guo et al., 1995). The LBP 
incidence rate found in the present study is also comparable to the rates (33%–34%) for 
operator/laborer jobs during the Quality of Life Survey from the General Social Survey, a 
nationally representative survey conducted in 2002 and 2006 in the United States (Waters, 
Dick, et al., 2011; Waters et al., 2007).
The low correlations of the individual lifting variables with LBP (Table 2) suggest that the 
risk of developing LBP may be best estimated by the synergetic effects of many lifting 
variables, rather than one singular lifting factor (Singh & Kumar, 2012; Xiao et al., 2004). 
The findings agree with the results from a prospective study investigating 40 individual 
lifting variables in relation to impaired back function at 6-month follow-up (Ferguson, 
Allread, Deborah, Heaney, & Marras, 2012). Only 3 of the 40 lifting variables in Ferguson 
et al.'s (2012) study showed a significant relationship with impaired back function. Some of 
our significant findings concerning the CLI in relation to LBP seem to agree with the 
suggestion that biomechanical variables (e.g., moment, compressive, and shear forces on the 
spine), estimated with multiple lifting posture angles and load factors, are important 
measures for assessing the risk of LBP (Marras, Lavender, et al., 1995; Marras, Lavender, 
Ferguson, et al., 2010; Marras, Parnianpour, et al., 1995).
Although used in our final regression analysis model, job strain and other psychosocial 
variables were not significantly associated with LBP in the univariate regression analysis. 
The findings are in agreement with those in a review paper (Hartvigsen, Lings, Leboeuf-
Yde, & Bakketeig, 2004). There is some evidence from both cross-sectional and longitudinal 
studies to support the link between low job satisfaction and LBP (Bigos et al., 1986; da 
Costa & Vieira, 2010; Marras et al., 1993; van Poppel, Koes, Deville, Smid, & Bouter, 
1998; Waters et al., 1999; Waters, Lu, et al., 2011). In the present study, no significant 
relationship between low job satisfaction and LBP was found. The relationship may have 
been affected by a large percentage (88%) of the subjects that reported high to very high job 
satisfaction.
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The adjusted ORs for the categorical CLI variables were affected by the addition of 
covariates in the regression model, whereas the ORs for the continuous CLI variables were 
not substantially affected (Tables 3 and 4). The larger changes seen in the models using 
exposure categories are probably due to the small sample sizes in the higher exposure 
categories. The CIs are wide. In Table 3, removal of the job strain variable from the final 
model reduced the adjusted OR from 5.1 to 3.3 in the CLI > 2 category. In Table 4, removal 
of the supervisory support variable from the final model reduced the adjusted OR from 6.5 
to 4.6 in the CLI > 2 category. In Table 4, removal of the job strain variable from the final 
model reduced the adjusted OR from 6.5 to 4.4 in the CLI > 2 category. Removal of history 
of prior LBP variable from the final model did not substantially affect the ORs in either 
table. These additional post hoc analyses suggest that the two psychosocial variables may 
act as effect modifiers of the CLI.
Several limitations of the study are acknowledged as follows:
1. Data for ethnicity (99% Caucasian), self-related health status (∼98% for good–
excellent), job satisfaction (88% for high to very high), and job security (80% for 
high to very high) were distributed toward the extreme scale. A lack of data 
variance across the response levels limits the interpretation of the study findings for 
these underpowered factors.
2. Given the large mean (∼7 lifts per minute) of the lifting frequency rates found in 
this study, the lifting tasks were likely to be dynamic. Dynamic lifting has been 
shown to increase the spinal loading (i.e., risk of LBP) attributed to co-contractions 
of back muscles during lifting (Marras, Davis, Kirking, & Granata, 1999). Absence 
of evaluation criteria for lifting velocity and acceleration in the RNLE presents a 
limitation of using the CLI for predicting LBP for highly dynamic lifting tasks 
(Lavender et al., 1999).
3. Misclassifications of the physical risk exposure data attributable to 36% of the 
imputed job exposure data may exist. The percentages of the imputed mean CLI 
data across the CLI categories were comparable (52%, 41%, and 59% for the 0 < 
CLI ≤ 1, 1 < CLI ≤ 2, and CLI > 2 categories, respectively). In addition, the 
percentages of the imputed data between the non-LBP (45%) and LBP groups 
(56%) were not largely different. There was no significant difference (p < .05) in 
the imputed physical risk exposure data between the different groups for the two 
comparison analyses. The findings indicate that the imputation may not be 
statistically problematic due to a possible random distribution of the missing data.
4. Self-reported LBP in one year is subject to recall errors. Inclusion of other health 
outcomes (medical records, OSHA 300 logs, sickness absence, and worker health 
compensation data) for evaluating LBP may reduce the recall errors.
5. The large subject dropout rate (27.5%), the small sample size (N = 78), one study 
site, and the short one-year observation period limit the generalizability of the study 
results.
6. The finding that the cumulative lift time and number of lifts over a work shift were 
not related to LBP may have resulted from not adjusting for the effects of recovery 
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time attributable to job rotation. Job rotation is a common work practice in 
industry, but the effect of job rotation on LBP is unclear and difficult to evaluate 
(Davis & Jorgensen, 2005).
Conclusions
After controlling for history of prior LBP, supervisory support, and job strain, workers with 
the mean CLI and maximum CLI greater than 2 were significantly more likely to report LBP 
after one year compared to workers with the CLIs less than or equal to 1. Although findings 
from this study did not provide clear evidence that the CLI had a statistically significant 
exposure–response relationship with LBP across all exposure categories, the trend in this 
relationship was positive. The predictability of the CLI for LBP needs more research.
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• The categorical mean and maximum CLI above 2 had a significant effect on 
self-reported LBP at the one-year follow-up, as compared with the CLI below or 
equal to 1.
• Although findings from this study did not provide clear evidence that the CLI 
had a statistically significant exposure–response relationship with LBP across 
all exposure categories, the trend in this relationship was positive.
• More research with a larger sample size and a longer follow-up period is needed 
to explore the temporal relationship between different ranges of the CLI and 
LBP.
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The study sample for a self-reported low back pain (LBP) incidence analysis based on two 
subject recruitments in 2002 and 2003 at a large dryer manufacturing plant. *Subjects who 
were unavailable or refused to participate in the study in 2002.
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